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Corollary $3.5_{\text{ }}$ Remark 36 Remark 37 ) \langle
1
semenov






982 1997 41-51 41
Semenov [1]






2 $\mathrm{E}(\mathrm{r})=(E_{1}(\mathrm{r}), E_{2}(\mathrm{r})),$ $\mathrm{r}=(X^{1}, x^{2})\in \mathbb{R}^{2},$ $E_{1}$ ,
$E_{2}\in C^{\infty}(\mathbb{R}^{2};\mathbb{R})$ , $\mu\in \mathbb{R}\backslash \{0\}$ 1/2
$p_{j}=-i\partial/\partial_{X^{j},i=}1,2$ ,








$L^{2}(\mathbb{R}^{2};\mathbb{C}^{2})$ $E_{1},$ $E_{2}$ $C^{\infty}$
Chernoff [5] $H_{D}$ $C_{0}^{\infty}(\mathbb{R}^{2};\mathbb{C}^{4})$
$H_{D}\mathrm{r}c_{0^{\infty}}(\mathbb{R};\mathbb{C}^{4})2$ $H_{D}$





$D(q\mathrm{A})$ $L^{2}(\mathbb{R}^{2};\mathbb{C}^{2})$ $A_{1},$ $A_{2}\in C^{\infty}(\mathbb{R}^{2};\mathbb{R})$
$D(q\mathrm{A})$ $C_{0}^{\infty}(\mathbb{R}^{2};\mathbb{C}^{2})$ [5]
$D(q\mathrm{A})\mathrm{r}C_{0}^{\infty}(\mathbb{R}^{2};\mathbb{C}^{2})$ $D(q\mathrm{A})$
$H_{D}$ $D(\pm q\mathrm{A})$ $L^{2}(\mathbb{R}^{2};\mathbb{C}^{4})$
$U$
/1 $0$ $0$ $0\backslash$
$U=$ $001$
43
Theorem 2.1 1 A $\mathrm{A}=E_{2}dx^{1}-E_{1}dX^{2}$
$U^{*}H_{D}U=$ (1)
Proo $C_{0}^{\infty}(\mathbb{R}^{2};\mathbb{C}^{4})$ (1)
$E_{1},$ $E_{2}$ $C^{\infty}$ $H_{D}$ (1)
[5] $U$ $C_{0}^{\infty}(\mathbb{R}^{2};\mathbb{C}^{4})$ (1)










4$H_{NR}$ W. Hunziker [8]
$H_{D}$ $carrow$





Remark 2.3 Aharonov Casher [7]









$\phi\in C^{\infty}(\mathbb{R}^{2}arrow \mathbb{R})$ , $\mathrm{s}.\mathrm{t}$ . $E_{j}=- \frac{\partial\phi}{\partial x^{j}}$ , $\dot{\mathcal{J}}$ $=1,2$ .
$\phi$ $\phi$
$\mathrm{A}=E_{2}d_{X}1-E_{1}dX2$
$d\mathrm{A}=\Delta\phi dx\wedge d1x2$ -\Delta \mbox{\boldmath $\phi$}/4\mbox{\boldmath $\pi$}
Lemma 3.1 (Shigekawa, Proposition 2.5 [3]) $H_{1},$ $H_{2}$







Lemma 3.2 (Deift, [9])
$\sigma(sS^{*})\backslash \{0\}=\sigma(s^{*}s)\backslash \{0\}$ ,
$\sigma_{ess}(ss^{*})\backslash \{\mathrm{o}\}=\sigma eSS(s^{*}s)\backslash \{0\}$
$H_{D}$




$\sigma(H_{D})=\sigma eSS(HD)=(-\infty, -m]\cup[m, \infty)$
(ii) $|\mathrm{r}|arrow\infty$ $\Delta\emptyset(\Gamma)arrow 1$
$\sigma_{ess}(H_{D})=\{\pm\sqrt{2k+m^{2}};k\in \mathrm{N}\}\cup\{m\}$
$m$
(iii) $|\mathrm{r}|arrow\infty$ $\Delta\phi(\mathrm{r})arrow\infty$ $\sigma(H_{D})$ $m$
$m$




$\mathrm{k}\mathrm{e}\mathrm{r}D(\pm \mathrm{A})\subset \mathrm{k}\mathrm{e}\mathrm{r}(\sigma^{3}\mp 1)$
Lemma 3.1 $H_{D}=D(\pm \mathrm{A})\pm m\sigma^{3}$
$\sigma_{es}S(D(\pm \mathrm{A})\pm m\sigma^{3})=\{+\sqrt{2k+m^{2}}, -\sqrt{2k+m^{2}};k\in \mathrm{N}\}\cup\{m\}$
$m$ The-
$\mathrm{k}$
orem 2.1 (i) (iii)






1, if $x\geq 0$
$-1$ , if $x<0$
Corollary 3.50 $\lim_{|\mathrm{r}|arrow\infty^{e^{\phi}}}(\mathrm{r})/|\mathrm{r}|^{-\nu}$ $\nu\in$
$\mathbb{R}$ $N$ $N<|\mu\nu|$




[10] Theorem 3.1 Theorem 32
$\dim \mathrm{k}\mathrm{e}\mathrm{r}D(\pm\mu \mathrm{A})=\dim \mathrm{k}\mathrm{e}\mathrm{r}D(\pm\mu \mathrm{A})^{2}=\max\{N-1, \mathrm{o}\}$,
$\mathrm{k}\mathrm{e}\mathrm{r}D(\pm\mu \mathrm{A})=\mathrm{k}\mathrm{e}\mathrm{r}D(\pm\mu \mathrm{A})^{2}\subset \mathrm{k}\mathrm{e}\mathrm{r}(\sigma^{3}\mp\epsilon(\mu\nu))$
Theorem 2.1
$UH_{D}^{2}U=D(\mu \mathrm{A})2\oplus D(-\mu \mathrm{A})^{2}+m^{2}$
Remark 3.6 Corollary 3.5 . \mbox{\boldmath $\sigma$}(HD) $\subset$
$(-\infty, -m]\cup[m, \infty)$
1. \epsilon (\mu \nu ) $=1$ $m$
$\max\{2(N-1), \mathrm{o}\}$
2. \epsilon (\mu \nu ) $=-1$ $m$ $-m$
$\max\{2(N-1), 0\}$
$m$ $-m$ –
$\sigma(H_{D})=(-\infty, -m]\cup[m, \infty)$ (2)




Remark 3.7 Section 1 Semenov [1] $H_{D}$
“this particle has $(N-1)$-fold
degeneracy of the ground state”
Remark 3.8 $N$ $\phi(\mathrm{r})$
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